Besides the classical symptoms of Parkinson's disease (PD) such as rest tremor, rigidity, bradykinesia and postural instability and its high prevalence in Brazilian clinical settings 1 impaired non-motor functions such as cognitive disorders are also common events 2 . At the disease onset, 24% of patients present cognitive decay, especially memory disorders and disturbances of some executive functions such as impaired selective attention, thinking flexibility, and planning difficulty 3 . In dementia, the patient with PD also reveals deterioration of declarative memory (but with relative preserved recognition), visuoconstructive skills, and nominating ability 4 . These disturbances depend on mostly frontal-striatum connections 5 and involve other areas of the brain such as the parietal regions and subcortical structures 6 .
pairment in tasks requiring visuoconstructive and visuospatial skills in patients with mild and moderate idiopathic PD, and to verify if the clock drawing test and mini-mental state examination (MMSE) contribute towards the early detection of these impairments.
METHOD
Subjects -The sample was composed of a consecutive series of 30 patients, men and women, aged 53 to 80 years, from of a physical activity program for PD patients. No limitations were previously established with respect to the age of the subjects; the upper and lower age limits were a result of the referrals of the subjects to the physical activity program by their respective clinicians. The program is coordinated by the physical activity and aging laboratory and the posture and locomotion study laboratory, at UNESP (State University of São Paulo), Rio Claro, Brazil. The participants were classified in clinical stages one to three on the Hoehn and Yahr scale 7 . Patients in these stages were selected due to the fact that those in more advanced stages would not meet the requirements for the motor activities programmed. All the patients were in the "oN" phase of idiopathic PD treatment with regular anti-Parkinsonian drugs in monotherapy (e.g. pramipexol or selegiline) or polytherapy (levadopa plus other drugs such as benserazide, pramipexol or entacapone). The present study was an open, cross-sectional study to investigate the cognitive function of the patients; thus, due to the type of research and the aims, a control group was not necessary. The inclusion criteria were: a) idiopathic PD diagnosed by a neurologist with clinical experience in this pathology; b) subjects classified from 1 to 3 Hoehn and Yahr staging; c) patients being treated for PD with regular prescriptions and in on phase of the medication; and d) patients without dementia. The exclusion criteria were: a) Parkinsonism secondary to stroke and other brain vascular events, brain trauma and other neurological or psychiatric conditions leading to motor disorders; b) patients in staging higher than 3 on the Hoehn and Yahr scale; c) patients in irregular treatment or in the o�� phase of the medication; and d) dementia or other mental neuropsychiatric conditions which could interfere with cognitive performance.
The Ethics Committee on Research, UNESP (São Paulo State University), at Rio Claro -Brazil, approved the study, and a free and informed consent was obtained from each participant.
Procedures -Trained professionals performed the clinical examination of patients, including a semi-structured interview, in order to investigate cognitive and motor condition. The unified Parkinson's disease rating scale (UPDRS) 8 was applied for assessments of mental, functional and motor status. Also, the modified Hoehn and Yahr scale 7 was used for characterizing and staging PD, identifying the presence of unilateral or bilateral disease, and responses to the postural test. The Schwab and England scale 9 was used to estimate daily life activities. The clock drawing test 10 and mini-mental state examination 11, 12 completed the neuropsychological assessment. While the MMSE is used for global cognitive screening, the CDT assesses different cognitive demands including executive functions (selective attention, planning a logical and sequential action, abstraction capacity, and performance monitoring), as well visuospatial organization, visuoconstructive praxis, psychomotor coordination and recent memory 13 . In this test, the individual was instructed to draw not only a complete reproduction of a clock figure, but also to insert its hands according to the hour specified by the researcher (according to Brazilian consensus, it was 02:45). To analyze the individuals' performance, the authors applied the Sunderland et al. 10 recommendations about CDT, which are often chosen by Brazilian researchers 14 .
Data analysis -Statistical analysis of the results was done by means of parametric tests (Pearson's correlation and the stepwise multiple regression test). The Levine test revealed variance homogeneity of eight out of ten dependent variables selected for this study (Schwab and England and hemibody data did not present variance homogeneity). Therefore, parametric tests were performed. Correlations were used to predict cognitive impairment with scales that assessed mental, functional and motor symptoms. The significance level applied was p≤0.05, and SPSS 10.0 software was used for all the analyses.
RESULTS
The study sample consisted of 19 males and 11 females with mean age of 67.0 years (SD=8.08) and mean educational level of 7.03 years (SD=4.76). Clinical features included: disease onset at 59.42 years (SD=10.53), and mean duration of PD 7.58 years (SD=7.67). For the majority of patients, the symptoms began in the right hemibody, and at the onset of the disease, rest tremor was more frequent than rigidity. Most subjects were living with their families.
The patients presented a mean score of 2.2 on the modified Hoehn and Yahr (SD=0.83) and 56.28 (SD=33.48) on the UPDRS total, and their performance of daily life activities on Schwab and England was 78.93%. The neuropsychological evaluation revealed a mean score of 26.48 (SD=10.11) on the MMSE and 7.36 (SD=2.51) on the CDT. According to the parameters adopted in this study, these results suggest absence of dementia. Table 1 summarizes the data given from the scales.
Correlation o� �otor laterality with MMSE and CDT -A mean score of 26.48 (SD=10.11) in MMSE does not suggest dementia, according to Brazilian parameters adjusted for educational level. The multiple regression analysis revealed the MMSE to be a predictor of CDT result (p=0.043), although the deter-
DISCUSSION
This study revealed mild but consistently impaired cognitive performance related to tasks requiring visuoconstructive activities and visuospatial organization such as CDT and pentagon reproduction from MMSE.
CDT as a �redictor o� early cognitive i��air�ent in PD -our results are in accordance with the findings of another study in patients with mild and moderate PD without diagnosis of dementia, but with early-impaired visuoconstructive praxis identified by figure drawing tests 15 . Early impairment on visuospatial organization in PD patients may represent a predicting factor for the later development of dementia 16, 17 .
A positive correlation was verified between difficulty on CDT performance and more impaired daily life activities, as measured by the Schwab and England scale, even though these alterations did not constitute sufficient clinical criteria for diagnosis of dementia. These activities partly depend on visuospatial organization and visuoconstructive skill, besides being controlled by executive functions such as planning, selective attention, sequential action, abstraction capacity, and monitoring behavior. Moreover, reduced activity capacity also depends on the functional and motor condition of the individuals as indicated by correlations found between UPDRS mination level was only 18%. Nevertheless, the Pearson's correlation demonstrated a significant positive association between results of both tests (p=0.025), as showed in Tables 2 and 3 .
Laterality onset of motor symptoms occurred in the right hemibody among 60% of patients, in the left hemibody among 26.7%, and was inconclusive in 13.3%. Multiple regression analysis revealed significant positive correlation (p=0.003) between educational levels and onset of motor symptoms in the right hemibody. These aspects (right hemibody and educational level) were predictive variables of 44.8% on MMSE performance.
CDT and UPDRS as �redictors o� daily li�e activities (DLA) -
The Pearson's correlation revealed a significant negative correlation between CDT and UP-DRS mentation (p=0.04) and significant positive correlation of DLA (measured by Schwab and England) with CDT (p=0.028). This association was confirmed by multiple regression analysis. In this case, lower CDT scores tend to be related to higher scores on the UPDRS functional (p=0.001).
Moreover, multiple regression analysis showed that higher degree of motor difficulties and lower CDT scores explained 88.4% of the variation in performance of daily life activities as measured by the UPDRS functional. Both analyses (Pearson´s correlation and multiple regression) indicated that patients with some impairment on CDT presented more difficulty in performing daily life activities, but without fulfilling criteria for dementia. Tables 2 and 3 show the correlation among cognitive and clinical variables (Pearson's correlation), and association between predictive and dependent variables (multiple regression analysis), respectively. functional and motor subscales ( Table 3 ). The significant association between CDT and UPDRS functional (Table 3) suggests that the decay of the executive functions, identified by clock-drawing, could interfere with reduction in functional capacity in patients with PD.
Although CDT was originally planned to verify certain cortical functions in patients with Alzheimer's dementia 10 , it also identifies several mental processes related to pre-frontal and subcortical mechanisms. These processes include behavior organization, mental flexibility, visuoconstructive performance, cognitive programming of psychomotor activity, and integration of visuospatial functions 4, 18, 19 .
With regard to mild and moderate stages of PD, patients in this study presented only a mild impairment in global cognitive functioning (MMSE scores) and on more specific cognitive demands (CDT scores) including executive functions (selective attention, planning a logical and sequential action, abstraction capacity, and performance monitoring) and visuospatial skills. Such findings are compatible with absence of dementia. The difficulty in reproducing the pentagon, as part of the MMSE and especially in designing in the CDT reveals impairment on visuoconstructive organization. Probably these difficulties are compatible with early impairment of executive functions required for designing mainly the clock, such as planning, logical sequential action, abstraction and monitoring performance in organizing visuospatial skills.
Le�t-side �otor sy��to�s as �redictors o� early cognitive i��air�ent in PD -Patients with onset of clinical motor symptoms in the left hemibody presented lower MMSE scores (Table 3 -hemibody and MMSE) when compared with patients with onset in the right hemibody. These results do not agree with other data from authors who particularly observed accentuated cognitive impairment related to onset of symptoms in the right hemibody 20 . our data also differ from those from other studies that revealed more accentuated impairment in patients with symmetrical onset of motor symptoms 2, 21, 22 . Subjacent neurobiological mechanisms for a possible association between unilateral/bilateral PD and risk of dementia are still unknown.
Probably, cognitive disorders in PD are related to dysfunction of subcortical-cortical connections. Reduced dopaminergic activity affects striatal functioning and its connections to the prefrontal region, resulting in impaired cognitive functions such as visuospatial organization and visuoconstructive skills that are dependent on these pathways 5, 23, 24 . Cognitive activity in PD partially depends on dopaminergic loops linking striatum to the prefrontal region. Also, cholinergic pathways originating in the basal ganglia of Meynert with prefrontal cortex projections can have an influence 5, 24 . When damaged, these pathways affect mainly executive cognitive functions, visuospatial organization and visuoconstructive skills [25] [26] [27] [28] . Moreover, 17% of patients with PD without dementia have a reduction in neurons from the basal nucleus of Meynert, and 50% present a reduction of acetylcholinetransferase, a precursor enzyme of acetylcholine 29 . This phenomenon has been associated with risk of dementia.
Since only a few patients were submitted to structural neuroimaging, especially magnetic resonance, one can argue that this is a limitation regarding the exclusion of diagnoses other than idiopathic Parkinson's disease. Although this is an actual matter of concern, this potential limitation was, hopefully, largely overcome by the fact that the diagnoses used in this study were achieved by clinical neurologists trained in diagnosing and treating PD, mainly based on anamnesis, semiological resources and laboratory exams that help identify movement disorders. Furthermore, around 90% of our sample presented unilateral onset of the parkinsonian symptoms and this can be also argued in favor of idiopathic PD.
In conclusion, patients in the mild and moderate stage of PD, without clinical diagnosis of dementia, presented mild cognitive impairment characterized by decay of visuospatial organization and visuoconstructive skills. These impairments were confirmed by means of the clock drawing test, and this finding suggests that this test can be a predictive tool of early cognitive disturbances in patients with PD without dementia.
